The trade restrictions imposed by most sub-Saharan Africa countries have clearly reduced the openness of their economies. However, it is not clear that this protectionism has reduced the impact of external shocks. Instead, the type of restrictions chosen, import rationing, has introduced new transmission channels for external shocks. A dependent-economy model is developed to compare export price shocks with and without import rationing, and the type of trade regime is shown to have quantitative importance in a CGE-model of Zimbabwe. The economies are shown to be more vulnerable to external shocks under import rationing than with trade liberalization, and real exchange rate depreciation can go hand in hand with a positive external shock contrary to the 'Dutch disease' story. The outcome is a result of a resource-expansion effect: a higher export price stimulates growth by improving the import capacity in a situation of rationing and unemployment. ᮊ 1998 Elsevier Science B.V.
Introduction
The sub-Saharan Africa countries have had poor economic performance during the 1980s. The economic systems in place, characterized by strong governmental controls and intervention, have not delivered the GDP growth necessary to improve living standards for the majority of the population. The economies have both stagnated and fluctuated. The erratic growth pattern is commonly attributed to internal supply shocks, such as varying rainfall, and to external shocks stemming from shifting world market conditions. In this paper we concentrate on the role of the external channel through export price variation.
The claim that the economies are vulnerable to export price shocks has solid Ž .Ž . empirical foundation. First, Ndulu 1991 Table 28 -3 has documented that changes in the terms of trade are the major explanatory factor accounting for variation in the purchasing power of exports. Second, export revenues, along with foreign transfers, are the main determinant of import capacity, and it has been demon-Ž . strated that GDP varies with import compression policy. Helleiner 1990 ; Ndulu Ž . Ž . 1991 and Wheeler 1984 provide evidence for the whole region. In a study of responses to shocks in sub-Saharan Africa emphasizing terms of trade, Balassa Ž . Ž . 1983 p. 101 concludes that 'adjustment...took largely the form of reductions in Ž . imports through decreases in the rate of economic growth'. Davies et al. 1994 show the importance of import compression in Zimbabwe using a CGE-model.
Why are the economies so vulnerable to external shocks? Has the strong regulation of foreign trade dampened or increased the economic effects of the shocks? To study these questions, one has to take into account the regulation of foreign trade as commonly practised throughout most of sub-Saharan Africa. The effects of shocks are not independent of the economic policies in place. The answer to the questions raised above has two dimensions. First, the impact of external shocks depends on the openness of the economy. Trade policy influences the openness of, and thereby the transmission of, export price shifts to the domestic economy. Second, trade restrictions may change the working of the economy and hence introduce new and different transmission mechanisms.
Standard open-economy analysis under full employment provides a simple, but powerful, result regarding the relationship between openness and export price disturbances: The marginal effect on income of a change in the export price is the volume of exports. It follows that trade restrictions will reduce the income effect of external price shocks, because they reduce the openness as measured by the export share of GDP. The more closed the economy is, the lower the variance of income generated by export price shocks will be. Ž . Neary 1993 takes this standard model one step further by including resources devoted to chasing the rents created by rationing. In the case of an import quota, clearly relevant in the African context, the income consequences of the external shock are further reduced because of the dissipating effect of rent-seeking activity. More export revenues drive demand for imported goods up, but the demand cannot be satisfied because the volume of imports is determined by the quota. Instead, the domestic price of imports rises, resulting in increased rents. In the new equilibrium more resources are used to get the same amount of imports. Income therefore rises by less than the increase in the value of exports. The import quota reduces the income effect of the external shock.
( )Taking the above considerations into account, one might be tempted to conclude that the regulations present in sub-Saharan Africa have made the economies less vulnerable to external shocks. First, they have made the economies more closed. Second, resources devoted to unproductive rent-seeking absorb part of the adjustment that would otherwise produce income. However, actual observations of GDP fluctuations and external shocks to the region belie this conclusion. In fact, we argue the opposite. African-style regulation of foreign trade has stimulated economic fluctuations rather than dampened them.
In order to focus on the trade regime, other government regulations are abstracted from. Clearly, government responses to shock can increase economic fluctuations. If the government receives or taxes part of a shock-induced raise in income and saves a smaller part of increased income than does the private sector, Ž . it contributes to the destabilization of the economy. Bevan et al. 1990a provide evidence of this and other aspects of policy involvement in their analysis of Kenya and Tanzania during the coffee boom in the second half of the 1970s.
Our analysis contains two steps. First, a theoretical model is developed to explain how import regulations can increase the domestic effect of external shocks. The consequences of an export price shock are analyzed for two trade regimes. Section 2 describes a benchmark version of the dependent-economy model with unemployment. The standard closure assuming endogenous traded goods exports and free trade is contrasted with a closure representing the characteristics of sub-Saharan Africa countries in Section 3.
Second, we show how import compression policy can have economic significance using a CGE model of Zimbabwe. Counter-factual simulations throw light on the role of export price variation as a source of economic fluctuations. Section 4 includes a compact description of the calibrated model, which integrates the dependent-economy formulation in a dual agriculture-industry setup. The CGE model has been calibrated with import rationing reproducing national accounts for the baseyear 1985, and for a counterfactual 1985 assuming the elimination of import rationing and protection. To facilitate a comparison with the standard closure of the dependent-economy model, one experiment investigates an export price shift assuming that foreign trade has been liberalized. The other simulation assumes that the import-rationing system is in place, as in 1985, and a counterfactual identifies the macroeconomic equilibrium with a higher export price. The results of the two experiments are reported in Section 5. Finally, Section 6 offers concluding remarks.
Export price shock in the dependent economy model
The dependent-economy model serves as a general framework for the analysis of Ž . shocks in open economies, as summarized by Devarajan et al. 1990 . In contrast to their model, we take into account two characteristics of the region: unemployment and intermediate imports. Excess supply of labour is assumed to be a result of nominal wage rigidity. Minimum wage legislation is typically understood as the ( )source of this rigidity. The unemployment assumption is included in disequilibrium Ž . versions of the dependent-economy model, e.g. Kouri 1979 , but departs from Ž most of the literature which takes advantage of the transformation curve see . Dornbusch, 1989 . To capture the import dependency in production, imported intermediates are added. The formulation of the production technology is similar Ž . to that of Katselli-Papaefstratiou 1990 .
We focus here on a static model without explicit intertemporal utility maximization in order to concentrate on short run adjustment mechanisms. The distinction between temporary and permanent shocks consequently vanishes. In our analysis, the distinction is only important for the size of the demand effect, and is determined by the marginal propensity to consume. The qualitative results are not affected.
The model is motivated by the separation of production activities according to their relation to the international market, i.e. the distinction between traded and non-traded goods. In Africa, the traded sector is export oriented, while the non-traded sector includes protected import-substituting activities. The sectoral Ž . balances are formulated as in Rattsø 1994a : the traded sector delivers its output X to consumption C and exports E. The non-traded sector output X is applied
to consumption C and investment. Construction and capital goods production N take place in the non-traded sector, and the formulation takes advantage of the Ž . stylized fact Ndulu, 1991 that the import share of investment is stable. A fixed share ␣ of the investment J is produced domestically.
The traded sector produces its output X with capital and labour according to a T neoclassical production function. The capital stock and the world market price P T are given. By convention, fixed nominal wage and exchange rate are assumed by setting them equal to 1, and labour units serve as numeraire. Profit maximization Ž . generates a compact form supply function X s f P , where the derivative f T T 1 with respect to P is positive. The non-traded sector applies imported intermedi-T ates in addition to capital and labour. The short run supply function depends on the real product prices of labour and imported intermediates. Given the nominal rigidities assumed, they can be represented by the inverse of the real product wage, Ž . Ž P , in a compact form supply function, X s g P , with g ) 0 the real product
. price of imported intermediates follows the real product wage . The demand for imported intermediates depends on the real product wage and the real product Ž . price of imported intermediates as well, which in reduced form is B s B P , with
To simplify the handling of rationing later, fixed consumption shares of three consumer goods are assumed in the benchmark version, including that for im-Ž . ported consumer goods C foreign price set to 1 . The formulation is consistent I with a Cobb-Douglas utility function. Total consumer spending D is defined as the ( )national income less domestic savings, which are a constant fraction of income:
The model is solved by developing the excess demand functions for the traded and non-traded markets:
The compact form of the model shows how exports and the real product wage of non-traded goods clear the two markets. Fig. 1 presents the unemployment version of the Salter-Swan diagram. The differentiation of the market balances is given in Appendix A, while the logic of the model is explained here. Excess demand of Ž . traded goods rises with P reduced non-traded product wage because demand N based on non-traded income goes up. To drive the excess demand to zero, exports E have to decline, allowing more supply of traded goods on the domestic market to satisfy the increased demand. The equilibrium locus T of the traded goods sector hence slopes downward. The equilibrium locus N of non-traded goods is horizontal in dependent-economy models when the law of one price holds for traded goods. The exports are a residual and they do not affect the market for non-traded goods. Excess demand for non-traded goods is eliminated by reduced product wage Ž . higher P , implying reduced demand and increased supply. The savings-invest-N ment equilibrium point is denoted m in Fig. 1 .
The expansionary effect of a rise in the export price in the conventional case is well understood and can be dealt with briefly. The dotted lines in Fig. 1 show the ) responses. The traded sector equilibrium locus shifts out. Excess supply of traded goods, the combined result of higher output supply and consumption demand switching towards non-traded goods, allows higher exports. The non-traded sector Ž . equilibrium locus shifts up. The real product wage is driven down and P up by N excess demand, the effect of higher demand due to traded goods revenue generation. The equilibrium moves from m to n in Fig. 1 , and production in both sectors is higher than before the price shock. Exports are expected to increase, assuming that economic expansion is not so strong that increased domestic consumption of the traded good dominates the rise in supply.
The analysis of the 'Dutch disease' has been a major application of the dependent economy model. The disease effect of higher export prices shows up in this model as higher non-traded production, a result of reduced real product wage and real product price of imported intermediates. It should be noted that the real exchange rate, the relative price of traded to non-traded final goods, may go up or down, dependent on the strength of the real product factor price adjustments in the non-traded sector. The full-employment version is described in the influential Ž . article of Corden and Neary 1982 . They show how a real export boom leads to increased real product wage in the non-traded sector in a short run version with sector specific capital. The resource-movement effect drives up the wage level when labour moves to the booming export sector, and the higher wage is transmitted to higher non-traded price. In our unemployment model, the relative price adjustment follows the income effect. By using Cramers rule on the differential system in Appendix A, it can be verified that the real product wage of the Ž . Ž . non-traded sector falls more the higher X 1 q ⑀ and the lower X 1 q ⑀ . ⑀ and ⑀ denote the elasticity of supply with respect to the price for the traded and N non-traded sectors respectively. Hence, the real product wage response is stronger, and real exchange rate appreciation more likely, the more open the economy as measured by the relative size of the sectors, and the higher the supply elasticity in the traded compared to the non-traded sector. The rationing rule produces a new relationship between the traded and the non-traded sectors: the export of traded goods influences the capacity to import intermediates to the import-dependent, non-traded sector. This intersectoral link-Ž . age was proposed by Gibson 1985 in a model of Nicaragua. A similar formulation Ž . of the rationing system is applied by Rattsø 1994a,b in theoretical studies of the dynamics of sectoral balances and macroeconomic policy effects. Consequences of Ž . alternative rationing rules are analyzed by Torvik 1994 .
Export price shock in a stylized Sub-Saharan Africa model
Foreign exchange scarcity is represented by the exogenous trade balance. The scarcity can be the direct result of government interventions or rationing in international credit markets, or both. The allocation of the residual import capacity Ž . foreign savings and export revenues less priority investment imports between consumer and intermediate goods is determined by fixed policy-determined shares. The two import rationing functions are:
Rationing influences both the demand and supply sides of the economy. Even if the production technology is the same as in the standard model, the rationing of imported intermediates implies a modified reduced form supply function for the Ž . non-traded sector, X s h P ,B . Since imported intermediates are rationed to N N firms, they are forced to apply an inefficient mix of labour and intermediates. The supply is lower for each P compared to the non-rationed case. Improved access to N imported intermediates increases the supply of non-traded goods, h ) 0. Al-2 though we will stick to this interpretation throughout, h can also be thought of as 2 representing other channels by which foreign exchange rationing can have adverse Ž effects on supply since B is proportional to total foreign exchange available for . Ž . rationed goods . Bevan et al. 1990a emphasize the impact through rationing of consumer goods. In their model such rationing has an adverse effect on supply because it depresses labour supply.
We will assume that foreign exchange rationing also influences the demand side. Ž . When consumer imports are rationed, determined as a share 1 y ␤ of the available foreign exchange, frustrated consumers respond by shifting the composi-Ž . tion of demand and savings. Torvik 1997 shows how increased saving is the optimal consumer response to rationing in the expectation of future liberalization. The change of savings behaviour influences the determination of consumer spend-Ž . Ž d . ing in Eq. 11 . The larger the gap between desired C and actual non-competi-I tive consumer imports, the smaller is consumer demand. The difference is not fully matched by increased savings, i.e. ␥ -1. The assumption is dependent on the complementarity between the goods and on the intertemporal elasticity of substitution. If ␥ ) 1, our argument about perverse response to export price shock is strengthened. Ž . as defined by Eq. 11 . As shown by Neary and Roberts 1980 , the demand functions for the unrationed goods, when one good is rationed, are given by Eqs. Ž . Ž . 12 , 13 . The logic is straightforward. First, as much as possible of the rationed Ž . good is purchased. The rest of the demand D y C is directed towards the I unrationed goods. Hence, the marginal propensities to consume these goods are Ž . scaled up by a factor of 1r 1 y c . The consumer demand system is equivalent to
The market equilibrium conditions for traded and non-traded goods are revised under rationing:
Ž .
Figs. 2 and 3 represent the new interactions of exports and the real product wage of non-traded goods. The differentiation is documented in Appendix A. The equilibrium curve in the traded goods market T slopes downwards, but the ( )equilibrating mechanisms are different from those above. As P increases, moving N away from its equilibrium point, excess demand for traded goods is created because income increases in the non-traded sector. To restore equilibrium, exports must go down, involving complicated feed-back through the import-rationing system. The reduced import capacity results in tighter rationing of intermediate imports in the non-traded sector, and demand for traded goods based on non-traded production income is reduced. The demand for traded goods is also reduced because savings go up. The two effects are assumed to dominate the forced substitution towards traded goods resulting from tighter rationing of non-competitive consumer goods. Endogenous import rationing explains why the equilibrium locus in the market for non-traded goods N is no longer horizontal. Increased exports is associated with excess supply in the non-traded goods market. The higher export revenues allow for more imports of intermediates to the non-traded sector, generating higher supply. At the same time, increased exports create room for more imports of non-competitive consumer goods and demand switches away from non-traded goods. Only a dramatic reduction of savings can turn the excess supply to excess demand. If this does not occur, both the supply and demand sides contribute to excess supply of non-traded goods with increased exports. In order to drive excess supply to zero, P has to decrease. Macroeconomic equilibrium is established at N point o in Figs. 2 and 3. For the model to be stable, the equilibrium locus of the Ž . traded sector must be steeper than the non-traded see Appendix A .
Before we proceed, it is worth making a remark about trade restrictions and economic openness. Almost by definition, an economy under the African closure is more closed, as measured by imports, than is an economy under the standard closure. In the African version, the volume of imports is less than consumers and producers desire, while demand is satisfied in the standard specification. Rodrik Ž . 1994 and others have noted that it is also reasonable to assume that trade restrictions make the economy more closed as measured by exports. In our case, the trade restrictions place a supply constraint on the non-traded sector, resulting in a higher relative price than would otherwise be the case. The price effect drives up costs, and can thereby hurt exports, implying that the export-share is lower in the African model. If the real consumption wage is the same in the two types of economies, the real product wage of the traded sector is higher in the African situation and the volume of exports is lower. If a move from a controlled to a free trade regime involves a devaluation that succeeds in altering the real exchange rate, the difference will be even larger, a point which we will return to below.
In the African model alternative, the two sectors also interact through the rationing system when the economy faces higher export prices. The traded sector is expected to experience excess supply via increased output and decreased domestic demand when the export price goes up, but some additional effects via the non-traded goods market must be taken into account. Import capacity is improved by the new foreign exchange revenues coming in, allowing more imports of non-competitive consumer goods and intermediate imports for the non-traded sector. The import of consumer goods strengthens the shift in demand away from traded goods. At the same time, the demand for traded goods is stimulated by two factors: a reduction in the savings rate and an increase in demand based on non-traded production income, which has been brought about by the availability of imported intermediates. We assume that the indirect demand-inducing effects do not dominate, so that the equilibrium locus of the traded sector shifts out as described by the dotted lines in Figs. 2 and 3.
In the market for non-traded goods, conflicting demand and supply effects operate after a positive export price shock. On the supply side of the market, increased foreign exchange earnings allow more imports of intermediates and permit a higher output supply, as described above. The switching of consumption away from non-traded goods because of the increased imports of non-competitive consumer goods also pulls in the direction of excess supply. Hence, the effects through the supply side are more likely to dominate the stronger the supply Ž . response to intermediate availability h and the weaker the savings response 2 parameter ␥ . In this case, the equilibrium locus for the non-traded sector shifts down as drawn in Fig. 2 , since the real product wage of non-traded goods must go Ž . up P down in order to eliminate excess supply. The end result is increased N exports and a higher real product wage in the non-traded sector, as seen from the movement from point o to p in Fig. 2. ( )Under African-style rationing, the 'Dutch disease' effect of an export price shock may be reversed. When the linkage between traded and non-traded goods via the foreign exchange capacity to import intermediates dominates, the higher output Ž . supply may increase the non-traded real product wage reduce P and depreciate N Ž . the real exchange rate. Relating to Corden and Neary 1982 terminology, we can call this a resource-expanding effect. The resource expansion is channeled through imports and can be significant because of the unemployment assumption. Note, however, that the mechanism that drives the result is not dependent on the assumption of unemployment. Rather it is dependent on rationing of imported Ž . intermediates. Bevan et al. 1990b reach a similar result with endogenous capital stock adjustment in a conventional version of the dependent economy model. With a temporary positive shock agents save part of the induced income. When the country is faced with an imperfect capital market part of these savings will be invested domestically. The increased capital in the non-traded sector increases supply, and this in isolation pulls the relative price of non-traded goods down.
The alternative situation shown in Fig. 3 reflects the dominating expansionary demand effect of the new income generated in the traded sector. Excess demand in the market for non-traded goods follows the rise in the export price, and the equilibrium locus for the non-traded sector shifts upward. If the non-traded real product wage decreases sufficiently, exports may go down. In Fig. 3 , the intermediate case of higher P and higher exports is shown, and the equilibrium has moved N from point o to q. But also in this situation, the real product wage of the Ž . non-traded sector can go up P fall . Independently of which way the real product N wage goes, it can be verified from the differential system in Appendix A that the Ž . magnitude of the relative price adjustment is stronger the higher X 1 q ⑀ and T T Ž . the lower X 1 q ⑀ also under the African closure.
N N
The analysis shows how the more closed and controlled economies of sub-Saharan Africa have other transmission channels built in when the economy faces external shocks. The trade restrictions mean that the openness of the economies is reduced. Hence, the first-round income effect of increased export prices is smaller. Also, forced substitution because of the rationing of consumer imports means a smaller effect of the shock. When more imports of non-competitive consumer goods are allowed in by the improved import capacity, consumption demand is switched away from goods produced domestically. Despite the forces pulling in the direction of reduced effects of external shocks, the economies of sub-Saharan Africa may easily experience stronger fluctuations in a closed and controlled regime than they would in a more open and liberalized alternative. Control of the trade deficit and import rationing create a new supply-side linkage: production in the non-traded sector becomes dependent on export earnings. The supply of non-traded goods increases because of access to new intermediate imports, a resource-expanding effect. Reduced savings when consumer imports are made available strengthen the conventional spending effect.
So far we have investigated the pure effects of differences in model closure on the transmission of external shocks. However, one might argue that a move from Ž . an African closure to a standard closure i.e. a trade liberalization will also involve ( )other policy measures. The most obvious is a devaluation, that can affect the quantitative results. If the devaluation results in a larger traded sector under the standard closure than would otherwise be the case, the impact effect of the external shock will be higher. In that case, our argument of less impact of external shocks with the standard closure is weakened since the traditional effect discussed above is stronger. On the other hand, with a short run fixed capital stock it is also reasonable to assume that the traded sector price supply elasticity is decreasing with the size of the sector, simply because more and more of the other inputs will be required to increase production when one production factor is fixed. This pulls in the opposite direction, reducing the quantitative effect of the external shock.
It may also be argued that our assumption of no nominal wage response to price changes is rather extreme, and that wage response to nominal shocks in general Ž . has stabilizing effects see e.g. Hardouvelis, 1987 , and the references given therein . In our model, nominal wage response will strengthen our argument of less effect of the external shock in the standard than in the African closure model. The reason is that the real wage reduction with nominal rigidity is higher in the standard closure model than in the African closure model, because of the non-traded sector price response. If the nominal wage responds, the wage adjustment will be stronger and production effect more dampened in the standard version.
A CGE model of Zimbabwe
The construction of a CGE model of Zimbabwe permits a richer analysis of the channeling of external shocks and a quantification of the effects involved. Conflicting effects in the theoretical model can be sorted out, and the interactions can be analyzed with more disaggregated sectoral balances. In order to compare the effects of export price shocks with and without import rationing, the model is set up with two closures. One version is formulated and calibrated to reproduce the Ž . base year, 1985. Davies et al. 1994 The model brings together two types of dual models familiar from development economics. The Africa version of the dependent-economy model in Section 3, which distinguishes between traded and non-traded sectors, can be seen as a starting point. With a view to including terms of trade effects and differences in import rationing, traded goods production is disaggregated to importables, exportables, and food agriculture. Since production structure and demand linkages differ, non-traded production is disaggregated to services and construction. The dual ( )Ž . flexprice-fixprice approach of Taylor 1983 , distinguishing between agriculture and the rest of the economy, is included by separating out food agriculture. Our formulation is different from Taylor since both food agriculture and non-agriculture outputs are supply driven.
The sectors are disaggregated into the following categories: food agriculture, Ž . Ž . non-traded consumer goods 'services' , non-tradable capital goods 'construction' , exportables, and importables. Output of food agriculture is exogenous in the short run. In the liberalized standard closure model, the agricultural price is given by the world market and net exports clear the domestic market. In the controlled African closure model, foreign trade in food is regulated and the domestic price clears the market. The service sector is characterized by mark-up pricing and demand determined output in both closures.
The supply side is important for understanding price and output responses in the two alternative closures. The production technology of construction, importables, and exportables is nested CES functions in skilled labour, unskilled labour, domestic intermediates, imported intermediates, and fixed sectoral capital stocks. Skilled labour is in short supply, and the wage rate adjusts to achieve equilibrium. Excess supply prevails in the market for unskilled labour, and the nominal wage is set exogenously. In the standard closure model the demand functions for imported intermediates are allowed to operate without rationing. The sectors have rising supply curves because of fixed sectoral capital stocks. The export sector is a price taker in the world markets, and the residual output, taking into account domestic demand, is exported. In the construction sector, a falling demand curve combined with the rising supply curve equilibrate supply and demand. The same is the case for the importables sector because of imperfect substitution between domestic and imported importables goods. A combination of imports and domestic production equilibrate supply and demand for the composite good. With imperfect substitution there is room for endogenous determination of the domestic price. The importables sector has some of the characteristics of a non-traded sector.
Under the African closure model the supply-side mechanisms are somewhat different. Several assumptions are made about the import rationing system. First, Ž available foreign exchange is allocated to satisfy priority needs investment goods, . intermediates for the exportables sector, and food . Second, the importables sector is protected, and only a limited volume of importables is allowed to be imported. Third, any remaining foreign exchange is allocated as policy-determined shares to meet requirements of construction and importables for imported intermediates, and to non-competitive consumer imports. Since the inputs to export production have priority, the supply side of the export sector is the same as under the standard closure. The import compression of manufacturing and construction supply is endogenously determined, and dependent on the existing capacity to import. The Ž . formulation is consistent with the description of Davies 1991 and the econometric Ž . results of Mehlum and Rattsø 1996 . When imported intermediates are rationed in the construction and importables sectors, these sectors are forced to substitute towards domestic goods, resulting in an inefficient mix of inputs. The availability of imported intermediates influences ( )the supply curves. Implicit rents are created because the prices in these sectors are higher under the African closure than under the standard closure.
The import-rationing system also includes protection of domestic final-goods markets. Here, the import compression almost eliminates both importables and non-competitive consumer-goods imports. In addition, a domestic market for the imports allowed in is nearly absent in Zimbabwe. This is surprising, given the rents potentially associated with the overvalued exchange rate, but it motivates our assumption of the fixed price rationing of final goods. In the model, the government receives the rents.
Two effects of this protection are captured on the demand side, similar to those that the theoretical model outlines in Section 3. First, demand switches to domestic goods when foreign goods are not available. The linear expenditure formulation Ž . under rationing is modified as suggested by Neary and Roberts 1980 . Since consumer imports are rationed, the ratio of imported-to domestically-produced consumption is lower than desired at the prevailing prices. The notional price of consumer imports is higher than the actual. Second, when demand for imports is not satisfied, part of the income can be set aside as savingsᎏin the expectation of less severe rationing in the future. Empirical evidence is identified by Chhibber et Ž . Ž . al. 1989 and Morande and Schmidt-Hebbel 1991 . In the model this stylized fact is taken care of by linking private savings rates to the rationing of non-competitive consumer imports.
Investment imports are assumed to have priority in the rationing system. The investment level is fixed exogenously, and the import share responds to relative prices. The formulation reflects the problem of identifying a well-defined invest-Ž . ment function see Mehlum and Rattsø, 1996; Chhibber et al., 1989 , and the understanding that investment demand is restricted by political and business Ž . uncertainty see Dailami and Walton, 1992 . Our formulation, which assumes a given total investment, is consistent with the alternative understanding that investment has been restricted by import rationing. In comparing the two regimes, the investment level is held constant.
We are interested in the degree of economic openness in the two closures. The African closure model is calibrated to reproduce the export and import shares of GDP in 1985, which are 28% and 29%, respectively. The export and import shares of the counterfactual liberalized model depend on our assumptions about the degree of rationing of economic agents under controls, as explained in Appendix B. The key parameters to be determined include the desired switching to foreign consumer goods, the degree of substitution between domestic and imported importables, and the drop in private savings rates that occurs when imports are available. Given the assumptions stated in Appendix B, the standard closure operates with an export share of 32%, and an imports share of 36%.
The difference between the two model versions, measured by the ratio of imports to GDP, is almost self-explanatory: under the African closure there is excess demand for imports that is not satisfied because of import rationing. The move to a deregulated economy means that this excess demand is satisfied. The economy is more open, also as measured by the ratio of exports to GDP, under the ( )standard closure. Because access to imported intermediates is limited under the African closure, the supply constraint pushes up the price of inputs to the export sector. Hence, a side effect of the import regulations is decreased exports. Regardless of what measure of economic openness one chooses, the economy is more open when import rationing is done away with.
The consequences of an export price shock in Zimbabwe
Ž . The analysis of Davies et al. 1994 shows that the major shocks affecting Zimbabwe during the 1980s were related to weather conditions and policy-induced import compression. They show that the foreign terms of trade in this decade were fairly stable. In the base year reproduced, 1985, the terms of trade were basically constant, agriculture had favourable conditions, and the investment level fell. The GDP growth was close to 7%, inflation was below 10%, and imports were compressed in order to balance with the export revenues. The model enables us to investigate economic performance for a case in which export prices are assumed to be higher. Two counterfactuals are constructed. First, a counterfactual 1985 assuming the elimination of rationing and protection is calibrated. Given this benchmark, the effects of an export price shift are explored. Second, based on the reproduction of the actual 1985 national accounts assuming import rationing, a counterfactual 1985 with a higher export price is simulated.
The analysis confirms the strong domestic impact of the export price fluctuation that accompany import rationing. In the standard liberalized closure, a positive shift in the export price is channeled to a general demand-driven expansion of the economy. The import-compression version generates an expansionary effect that is double the size of the liberalized situation. The expansion is first and for all channeled through the supply side via improved availability of imported intermedi- ates. Because of fixed capital stocks and supply of skilled labour, the relative increase in unskilled employment is somewhat stronger than the relative increase in GDP. The experiment, which assumes a permanent positive shift in the export price of 5%, is reported in Table 1 . The immediate effect of a higher export price is to increase export revenues and expand the supply of export goods. In the standard closure model, the repercussions are driven by the increased income and private consumption demand. The overall GDP increases by 1%, signifying an elasticity of about 0.2. All sectors benefit from the general rise in demand. Since the demand for construction is basically determined by the fixed investment level, the sector is least affected. On the other hand, services are sensitive to fluctuations in demand and experiences a strong demand-driven expansion.
Ž . The Consumer Price Index CPI is influenced directly by the export price shift and indirectly by the demand multiplier. The model suggests a rise in the general price level by about 2.4%. As demonstrated by the theoretical model in Section 2, expansion in all sectors goes along with higher prices. It is the inducement necessary to stimulate supply when the nominal wage level and the exchange rate are fixed.
The net expansion of export volume reflects the adjustment of both export production and domestic demand. The expansion of demand means that more of the export goods are consumed domestically. The higher level of economic activity increases the imports of intermediates and consumption goods. Higher prices in domestic production sectors reduce the relative price of imports. More import intensive production, consumption, and investment result. The rise in import volume is larger than the export volume response, but the trade balance improves because of the terms of trade shift.
The import rationing regime has a stronger output response to external shocks. The combined effect of a higher export price and a higher export volume is to increase the import capacity by about 7.5%. Assuming a permanent excess demand for imports, the total imports are determined by this capacity. The availability of more intermediate goods allows for a positive shift of the supply curves for intermediates and construction. The overall GDP expansion amounts to more than 2%, which indicates an elasticity with respect to the export price above 0.4.
The production responses of the input-rationed construction and importables sectors imply a stronger demand expansion than is seen in the unrationed case. The combination of intermediate input availability and demand explains the rise in output to above 4%. As discussed in the theoretical section, the price formation of the rationed sectors is influenced by conflicting effects from demand and supply. In the Zimbabwe model, the supply effects dominate, the situation described in Fig. 2 . The inelastic demand for construction goods means that the price drops by almost 7%. In the importables sector, the shift in the demand curve is stronger, but the effects pulling in the direction of reduced prices still dominate, producing a fall in the sectoral price of 1.4%. The counter-cyclical price response of the rationed sectors explains the stronger output expansion in the exportables sector under this closure. The reason for this stronger expansion is that the export sector experi-( )ences lower prices for some of its inputs in addition to higher export prices. Because of the stronger overall expansion, the service sector also grows more than in the standard closure version. However, demand in the service sector is dampened by lower prices for importables goods, in contrast to the higher prices of these goods under the standard closure.
The economic expansion brings with it a much higher increase in private consumption than in the standard closure model. Of course the stronger expansion in itself explains part of this increase, but it is not the only reason. The increased amount of foreign exchange means more imports of non-competitive consumer goods. As a result, private savings rates drop, so that more of a given income is consumed. In addition, income-distribution effects play a greater role in the African closure model. The import rationing of intermediates creates an implicit rent to profit earners because the quota holders get cheap imports and high prices for their goods in the domestic market. Increased imports of intermediates reduce these rents, and a larger share of total income is then shifted towards groups with lower propensities to save. This adds to increased consumption demand. In Ž . contrast to models with a representative consumer, such as Neary 1993 and the theoretical model presented above, the income distribution effects of rents do indeed matter.
Even with the stronger economic expansion, the CPI increases less than in the standard closure case. The fall in prices in the rationed sectors is not great enough to outweigh the direct effect of increased export prices and the cost-push effect on the service sector. The rise in the CPI is 0.7 percentage points below the standard model.
Note that in the experiment reported in Table 1 we have investigated the pure effect of a change in the model closure. But it may be the case that the change in model closure toward a liberalized regime goes hand in hand with a devaluation. As discussed above it can not be determined a priori which way this affects the quantitative results. To check if our argument is still valid when the change in model closure is combined with a devaluation, we take the argument to its extreme, Ž and assume that the exchange rate is adjusted so that the trade balance in foreign . Ž . currency is the same as before the liberalization. See Davies et al. 1998 for Ž . documentation of such a devaluation in the model. In Collier 1991 terminology this is a trade liberalizing devaluation as opposed to a payments improving Ž . devaluation. This exercise not reported in Table 1 in fact shows that the argument is even more valid under a trade liberalizing devaluation. GDP increases by 0.9% with an export price shock after the trade liberalizing devaluation, marginally less than the 1% increase in the standard closure model when no devaluation has been undertaken. This comes from the fact that a devaluation itself works expansionary in the model, moving the economy upwards steeper and steeper supply curves because of the fixed capital stocks. Hence, after a trade liberalizing devaluation it is more difficult to expand the economy further, and this effect outweighs the effect of a larger export sector.
It follows that the consequences of external shocks in Zimbabwe might be quite different before and after the liberalization program. 
Concluding remarks
Modifying the dependent-economy model to fit the import rationing of the sub-Saharan African region introduces new transmission mechanisms for external shocks. The more closed economy and the forced substitution in consumption do tend to reduce the effects of external shocks. However, as identified in the theoretical model, two effects of the trade restrictions pull in the other direction. First, rationing of imported intermediates creates a supply constraint in the economy. The output of imported-input intensive sectors producing for the domestic market becomes dependent on the availability of foreign exchange, thus introducing a source of economic instability. Export earnings are not only important for the rest of the economy as a source of income and demand: supply curves of import-dependent sectors are also affected. Second, the rationing of imported consumer goods is likely to affect private savings. The rationing of consumer goods introduces an element of 'consume what you can get, save the rest'. The result is lower savings rates when the access to imports is improved. Thus, a positive export price shock means lower private savings rates. The effect may be strong enough to Ž . reverse the result from conventional analysis, where a temporary positive export price shock increases savings rates. In the African closure model the savings response tends to strengthen the effects of external shocks.
The lessons from the simple theoretical model are important to bear in mind when the results from the more fully specified CGE model of Zimbabwe are evaluated. The simulation results show that the Zimbabwean policy of strongly regulating foreign trade has made the economy vulnerable to external shocks. The strong effects of external shocks observed in sub-Saharan Africa have not been dampened by economic regulations in foreign trade. Instead, the regulations themselves form part of the explanation for the high output variability.
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Appendix A. Documentation of the theory models
In this appendix we show the differentiation of the market balances with respect to the two endogenous variables E and P , and the shock variable P . We start Ž .. 7 and Eq. 8 yields:
Here, ⑀ denotes the supply elasticity with respect to the price for sectors j s T, N. stability condition implies that the equilibrium locus of the traded sector in Fig. 1 is steeper than that of the non-traded sector. Since the cross effects disappear under Ž . this closure b s 0 , it can be verified that the model is stable. 1 We next turn to the African closure model. Differentiating the market equilib-Ž Ž . Ž .. rium conditions Eq. 14 and Eq. 15 yields:
hЈdenotes the derivative of the supply function with respect to the imported 2 intermediates. We assume that the first parenthesis on the right hand side of the expression for d is positive, the indirect effects are not sufficiently strong to have 1 increased exports lead to excess supply at the traded goods market. As discussed in Section 4, we also assume that the indirect effects do not dominate the sign for d . 
Appendix B. Model documentation
The essentials of the CGE model are presented here, while the full documenta-Ž . tion of the Africa closure model is available by Rattsø and Torvik 1992 . The complete set of equations and symbols are shown below. The supply side of the Ž . Ž . model is described by Eqs. 2 ᎐ 25 and is brought together with the demand side Ž . by the market clearing Eq. 1 . The output of agriculture, sector 1, is exogenously Ž .x given by capacity Eq. 2 and a flexible price level arranges the market-clearing. w Services, sector 2, are assumed to be demand determined with markup pricing Eq. Ž .x 3 .
In the other three sectors, production functions include skilled and unskilled labor, domestic and imported intermediates, and real capital. They are specified as multi-level CES and Leontief functions. For each sector, output X is produced by a value added aggregate and an intermediate goods aggregate, N, in fixed proportions. The value added is a CES function of the capital stock, K, and a labor w Ž .x aggregate, L, shown by the term in parentheses in Eq. 4 . The capital stock is historically given. Labor is a CES-aggregate of unskilled L and skilled labor L . x w x sector 3 and importables sector 5 are both import dependent and rationed. These sectors are assumed to consume whatever quantity of imported intermediates they are given through the allocation system. The rationed imported intermew Ž .x diates feed into the CES-aggregate for intermediate goods Eq. 8 . w Ž .x Prices in the three sectors are set equal to marginal costs Eq. 9 , and the marginal costs are the weighted sum of the marginal costs of intermediates and w Ž .x value added Eq. 10 . w Ž .x The exportables sector is a price taker in the world market Eq. 11 . Since the sector is not rationed, the marginal cost of its intermediate goods aggregate is the w Ž .x price of the aggregate Eq. 12 . The marginal cost of the value added aggregate is w Ž .x derived from the value added production function in the normal way Eq. 13 . Export volume is determined as a residual given the supply function and the domestic demand for exportables.
The use of domestic intermediates in the rationed sectors is determined by standard cost-minimizing conditions. The part of the marginal cost associated with w Ž .x intermediates is influenced by the rationing of imported intermediates Eq. 14 .
Ž . Ž . Eqs. 15 ᎐ 20 define costs and input-output coefficients, while the labor market is Ž . Ž . described by Eqs. 21 ᎐ 25 . This combines a fixed-wage demand determined unskilled labor market and a full employment wage-clearing skilled labor market. Unit labor costs are determined as a CES-aggregate, and substitution between the two skill types follows from varying demand for skilled workers.
The income generation and consumption demand aspects of the model capture w Ž . Ž .x distributional effects and rationing of imported consumer goods Eqs. 26 ᎐ 34 . The four income groups defined above have different propensities to save, an important aspect of overall savings formation. Savings rates are influenced by w Ž .x access to noncompetitive imported consumer goods Eq. 31 . The level of imports consumers desire is determined as a constant fraction of net consumer expendiw Ž .x tures Eq. 32 . However, rationing of consumer imports means that these desires 
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The standard closure model
The elimination of the rationing influences many aspects of the economy. When the rationing of imported intermediates is removed, intermediate demand functions for sectors 3 and 5 operate as for the initially unrationed exports sector 4. Ž Ž .. The rationing rule Eq. 40 is eliminated, and the demand is determined as in Eq. Ž . 6 . The demand for domestically produced intermediates is determined as in Eq. Ž .
Ž . Ž Ž .. 7 , and Eq. 8 can be eliminated. The rationed marginal cost functions Eq. 14 Ž . Ž Ž . Ž .. are replaced by Eq. 12 . The rationing rules Eqs. 39 , 41 are eliminated. The Ž . trade deficit is endogenous, and follows from the revised Eq. 38 :
DEF s e и P ) и M q e и P ) и M q e и P ) и II q e и P ) и II q e и P ) и II q e и Pи CIMP q e и P и J y P и E y P и E y NFPA In addition, the protection from imported importables and non-competitive consumer goods is abolished. A composite importables good is introduced, a CES aggregate of domestically produced and imported importables. The demand for the composite is X U , and the composition of the composite is determined by where and are distribution parameters for domestically produced and 1 2 imported goods in the CES aggregate, the elasticity of substitution, and P To investigate the effects of liberalization, the calibration must assume how consumers and producers were rationed. The results are based on the following assumptions:
The production functions determine the desired demand for imported intermediates. Small elasticities of substitution reflect the rigid production structure of the economy. The pure substitution effect of intermediate imports rationing assumes that about 91% of the intermediate imports demand to construction and importables is satisfied in the Africa closure model. Non-competitive consumer imports and imports of sector 5 goods are assumed to be strictly rationed, with the actual imports satisfying only 1r3 of actual demand. The assumption is important for the demand switching and the savings response. Sensitivity analyses of the assumptions Ž . regarding the degree of rationing are reported in Davies et al. 1998 .
